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ABSTRACT 

This thesis describes EMBARK, a system of computer programs 
developed to automate one of the phases of embarkation planning. 
These programs are designed to accumulate the information and produce 
the loading forms required to prepare the loading plan for a Marine 
Corps amphibious landing. 

The system will print the following documents: Unit Cargo 
Manifest, Cargo and Loading Analysis Form, Vehicle Summary and 
Priority Table, and Unit Personnel and Tonnage Table. 

In the past, these forms were prepared manually from information 
accumulated manually: a slow, laborious process. Today, the time 
element in warfare has become critical. Amphibious operations which 
formerly could be planned and executed over a period of months must 
now be accomplished in weeks. In order to reduce the planning and 
execution times, it is necessary to mechanize the preparation of the 
loading forms. The EMBARK system was developed to accumulate the 
necessary information, process it, and produce the loading forms. 

The methods of the system are described and illustrated, Finally, 
the use of computers to solve other amphibious planning problems is 


considered. 
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TABLE OF SYMBOLS, ABBREVIATIONS AND SPECIAL TERMS 


BCD -- Binary coded data 
CUBE -- Number of cubic feet required aboard ship for an item 


Floating Dump -- High priority (emergency-type) supplies, usually 
Class V and medical 


Heavy Lift -- Any single cargo lift, exclusive of vehicles, weigh- 
ing over 10,000 pounds 


Loading Forms 
UCM -- The Unit Cargo Manifest 
C&LA -- The Cargo and Loading Analysis Form 
VS&PT -- The Vehicle Summary and Priority Table 
UP&TT -- The Unit and Personnel and Tonnage Table 


LPH -- Converted aircraft carriers used by USMC in amphibious 
operations as assault ships (designated Landing Platform 
Helicopter) 


Material Classes 
Class l -- Food and water 
Class IT -- Issued equipment 
Class III -- Petroleum, oils and lubricants 
Class LV -- Special equipment 
Class V -=- Ammunition 


Measurement Tons -- A measurement of the volume required for cargo. 
One measurement ton equals 40 cubic feet. 


Mobile-Loaded Cargo -- Cargo loaded in vehicles 

POL -- Petroleum, oils and lubricants 

Short Tons -- A measurement of cargo weight obtained by dividing the 
total number of pounds of cargo by 2000. Ome short 


ton equals 2000 pounds. 


Standard Cargo -- All cargo not falling into the heavy lift or mobile 
loaded categories 


T/A -- USMC Table of Allowances - The source of allowance information 
for items authorized the Fleet Marine Force and organized 
Marine Corps Reserve Units 


T/A Number -- A unique number assigned to each item of supplies and 
equipment 
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T/E -- USMC Tables of Equipment - items of equipment specifically 
assigned to each organization 


T/E Number -- A unique number assigned to identify a type of organization 


T/O -- USMC Tables of Organization - personnel assigned to each 
organization broken down by rank and major operational 
specialty 


T/O Number -- The same number as the T/E number for the particular 
organization 


Unitized Cargo -= Cargo which has been grouped on a platform (pallet) 
or in a container in such a way as to form a single 
unit weighing less than 10,000 pounds 


Vehicle -- Any wheeled, track-laying, or combined wheeled and track- 
laying equipment. In addition, other equipment such as 
skid-mounted generators which require stowage on an area 
(square foot) basis 
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SECTION I 


INTRODUCTION 


The success of any amphibious operation is dependent in a large 
measure on complete embarkation planning which involves all those 
actions necessary to assure timely and effective loading of the 
amphibious task force ai 

The outstanding characteristic of successful amphibious operations 
is the rapid and effective manner in which assault troops establish 
themselves ashore. The power and size of the landing force must be 
expanded to the maximum in the shortest possible time. This requires 
a rapid, yet orderly buildup of men and material. The extent to which 
this can be done depends primarily on the manner in which the ships 
have been loaded. Also a proper loading increases the inherent flexie 
bility of the amphibious task force and is a key factor in assuring 
success. It is the purpose of this paper to provide a system using 
electronic data processing (EDP) techniques for the rapid and accurate 
preparation of documents required in the embarkation planning and 
loading phase of an amphibious operation. This system of programs 
will be called EMBARK. 

As an introduction to the EMBARK system, the four cardinal 
principles of embarkation planning will be outlined. 

A. Personnel, equipment and supplies must be loaded in such a 
manner that they can be unloaded at the time and in the correct 
sequence required to support operations ashore. 

B. Troops should not be separated from their combat equipment 


and supplies. 





GC, Unloading must be planned to proceed rapidly in the beach area. 
D, Critical units and supplies must be dispersed among several 
ships. 
Some of the other considerations which affect the embarkation 
plan are: 

1. Mission of the force. 

2. Limiting dates of the embarkation, movement and assault 
phases. 

3. The organization for the embarkation of the landing force 
must be compatible with the plan for the ship-to-shore 
movement which, in turn, must support the scheme of 
maneuver. 

4. Sige and characteristics of the troops and naval forces 
involved. This includes the availability and character- 
istics of shipping, and quantity and types of material 
to be embarked. 

5. Embarkation areas and points must be selected. 

6. Marshalling areas may be required when camp areas are 
so located that movement to embarkation areas cannot be 
accomplished without interruption. 

7. The feasibility and desirability of using helicopters 
to embark the embarkation teams assigned to amphibious 
assault ships. 

Effective embarkation planning is dependent on the early receipt 
of the above information from higher authority. Detailed planning 


begins with the determination by the Landing Force Commander of the 





embarkation team composition, ship assignment and designation of the 
Embarkation Team Officers. 

The loading plan for each ship is prepared by the Team Embarke 
ation Officer under the supervision of the Embarkation Commander. 

The plans must be prepared promptly and accurately. All the figures 
shown in the wt (lbs)., cu. ft., and sq. ft. columns on the loadin 
forms are the actual weight, volume and area of the items of cargo 
as loaded aboard ship. 

In this paper, when the term "loading" is used, it refers to 
"combat loading.'’ Combat loading gives primary consideration to the 
facility with which troops, equipment and supplies can be unloaded 
for combat, rather than to the economical use of ship space. Also, 
in combat loading an attempt is made to load the ships so as to proe 
vide as much flexibility as possible to meet changes in plan or other 
emergencies. 

Loading serial numbers are used to identify elements of the 
landing force which are landed prior to the general unloading. These 
serial numbers (which are not a statement of priority, but a means 
of identification) are published in a Serial Assignment Table which 
forms part of the landing plan. A single serial number is assigned 
to each unit, including its equipment (except for floating cep 
which for tactical and logistic reasons is to be embarked entirely 
in one ship; landed as a unit at one beach or helicopter landing zone; 
and landed at approximately the same time. A unit's serial number 
will be referred to hereafter as a Serial. 


Ithe Table of Symbols, Abbreviations and Special Terms provides 
a consolidated list of all special terms used in the text. 
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To be effective, each Serial must be loaded in a way that permits 
its simultaneous unloading [8]. To achieve simultaneous unloading of 
all elements of a Serial the Embarkation Officer must spread the 
Serial throughout the various holds of the ship. Serials, therefore, 
must be composed realistically. 

The planners who organize the Serials must be careful to avoid 
improper assignment. If too many items are assigned to one serial 
number the means of landing will be held up until the entire serial 
group is unloaded or the Serial will be unloaded in increments; both 
are undesirable (s]. In the EMBARK system, Serials will be entered 
manually on the VS&PT, after its preparation by the computer, using 
the information in the Serial Assignment Table of the landing plan. 

The various documents prepared by the EMBARK system of the proe- 
grams (shown in detail in Section IIL) will now be described briefly. 
Each unit or detachment embarking men, equipment or supplies aboard 
a ship prepares four loading forms: 

1. Unit Cargo Manifest; 
-2. Cargo and Loading Analysis Form; 
“3. Vehicle Summary and Priority Table; 
4, Unit Personnel and Tonnage Table. 
With the exception of the Unit Cargo Manifest, these forms are sube 
mitted to the Embarkation Team Commander for incorporation in the 
loading plan. 

A, THE UNIT CARGO MANIFEST (UCM) is the basic form for gathering 
accurate data on all cargo other than vehicles. It is the basis for 
preparing the Cargo and Loading Analysis form. It also provides a 
record of loading data on each container, pallet and piece of equipment 


(less vehicles). 4 





B, THE CARGO AND LOADING ANALYSTS FORM (C&LA) provides a detailed 
breakdown of the cargo (less vehicles) by type, weight and volume. It 
shows which cargo is stowed as standard cargo, which is unitized, any 
heavy lifts, and which cargo is loaded in vehicles. The number of 
square feet involved is given for unitized cargo and heavy lifts. 

C, THE VEHICLE SUMMARY AND PRIORITY TABLE (VS&PT) lists all 
vehicles by priority for unloading, including the dimensions and weight 
for each vehicle. Included in this form are the volume and weight of 
mobile-loaded cargo, i.e., cargo loaded in vehicles. 

D, THE UNIT PERSONNEL AND TONNAGE TABLE (UP&IT) is a recapitue- 
lation of the information shown in the Cargo Loading Analysis, the 
Vehicle Summary and Priority Table, plus a breakdown by the number 
and rank of personnel to be embarked. The UP&TIT is subdivided to 
reflect the following categories of embarkation data: (1) personnel, 
(2) Class I, (3) authorized allowances (Classes II and IV), (4) Ree 
plenishment (Classes II and IV), (5) petroleum, oil, and lubricants 
(POL - Class III), (6) ammunition (Class V) 14 , (7) other supplies 
and (8) vehicles. 

Aviation supplies and equipment are listed separately under the 
various category headings with a detailed breakdown being given on 
the reverse side of the UP&IT in the form of a SUPPLEMENTAL UPSTT 
FOR AVIATION MATERIALS, 

Using as a basis these forms prepared by the Unit Embarkation 
Officers, consolidated tables of the foregoing are made up for all 


units embarked in a single ship. The detailed stowage and loading 


plan is then prepared from these tables and Lists. 





The following diagrams (Figure 1) indicate the methods used by 
the EMBARK system to prepare the necessary tables and lists required 


in embarkation planning. 
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SECTION IL 


SEQUENCE OF PLANNING 


Following the receipt of the initiating directive for an amphib- 
ious operation, the landing force embarkation planning begins at all 
echelons of command and proceeds concurrently. Usually, the major 
steps are accomplished in the following sequence: 

A. Establishment of liaison between corresponding naval and 
troop levels of command. 

B. Provision of planning data by the Amphibious Task Force 
Commander concerning the personnel and material of naval and other 
forces to be embarked with the landing force. 

-C. Determination by the Landing Force Commander of his assault 
and follow-up shipping requirements, and submission of these require=- 
ments to the Amphibious Task Force Commander. 

D. Allocation of shipping by the Amphibious Task Force Commander. 

E, Distribution of each ship's loading characteristics to the 
Landing Force Commander by the Amphibious Task Force Commander. 

F, Establishment of the organizations for embarkation by the 
Landing Force Commander, including the designation of the Embarkation 
Team Commanders. 

G. Establishment of the navy organization for the embarkation 
by the Amphibious Task Force Commander. 

' H, Allocation of shipping to subordinate echelons of the landing 
force by the Landing Force Commander. 


I. Selection and preparation of the embarkation areas. 








J. Determination of the control, security and communications 
facilities required during embarkation. 

K, Landing Force Commander provides information on the number 
of days of fuel required, amount and type of ammunition, and the 
objectives assigned to each Embarkation Team Commander. This enables 
the Team Commander to decide what equipment he will require. 

L. Development of berthing and loading schedules,and schedules 
for movement of personnel and material to embarkation areas. 

» M. Preparation, review, approval and promulgation of the detailed 

embarkation and loading plans. 

The EMBARK system was designed to facilitate this final phase 
of planning. The system will accumulate the information required to 
prepare the Unit Cargo Manifest (UCM), Unit Personnel and Tonnage 
Tables (UP&IT), Cargo Loading and Analysis Form (C&LA), and Vehicle 
Summary and Priority Table (VS&PT). It will produce the forms for 
each unit, and the unit forms can be used to prepare the consolidated 
forms for the loading plan. Figure 2 shows the sequence of preparation 
and interrelationships of the loading forms, tables and diagrams com- 
prising the completed loading plan. 

The complete loading plans for each ship consist of the following 
forms, tables and diagrams: 

1. The cover page of the loading plan gives the name of the 
ship and lists the embarking troop units. The Embarkation Team 
Commander indicates his approval of the tentative plan by signing 
this cover page. The completed plan is then delivered to the 


Commanding Officer of the ship, who, in turn, indicates his approval. 
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2. The Consolidated Embarkation and Tonnage Table lists all 
units embarked in a single ship together with the total personnel, 
total volume (cu. ft), area (sq. ft.) and total number of short tons 
of cargo. 

3. The Consolidated Unit Personnel and Tonnage Table is a 
consolidation of the individual unit UP&IT's in the same format as 
the individual tables. It provides an accurate tabulation of personnel 
to be embarked and the exact amount and type of cargo to be loaded. 

4, The Consolidated Cargo and Loading Analysis is a con- 
solidation of the unit C&LA's, It provides the basis for stowage 
plans. In its final form the consolidated C&LA is, in fact, a com- 
plete listing of detailed stowage information of all cargo except 
vehicles. It is of vital importance to logistic control personnel 
during the ship-to-shore movement since it shows the stowage location 
of all cargo for each ship. 

5. The Consolidated Vehicle Summary and Priority Table is 
a listing according to the unloading priority of all vehicles to be 
embarked in the ship. The unloading priority is determined by the 
Embarkation Team Commander after consideration and reconciliation. of 
the unloading priorities desired by each embarking unit. He must also 
ensure that the priorities are in accordance with the priorities 
established by the landing plan. The Consolidated VS&PT is the basis 
for vehicle stowage plans. It is of value to persons concerned with 
the loading, unloading, and logistic control during the ship-to-shore 


movement, 
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6. The Consolidated Vehicle Table is a summary of all vehicles 
listed on the Consolidated VS&PT by types and by units to which they 
belong. It can be prepared easily from the unit VS&PT listings proe- 
duced by EMBARKD, 

7. Stowage diagrams show graphically the placement of cargo 
aboard ship. These diagrams give the exact location of vehicles and 
cargo within each cargo compartment. Their preparation is greatly 


simplified using the information provided by EMBARKD, 
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SECTION III 
THE EMBARK SYSTEM 
The EMBARK system consists actually of three computer programs 
(EMBARKD,MOUNTOUT and TABLE) which calculate and print summary data 
in the form required for preparation of the detailed loading plans of 
an amphibious operation. 
The main program, EMBARKD, which prepares the forms uses the 


following major subroutines: 


NAME PURPOSE 
UCM Prepares the Unit Cargo Manifest 
VSP Prepares and prints the Vehicle 


Summary and Priority Table 


UPT Prepares and prints the Unit Per- 
sonnel and Tonnage Table 


CANDLA Prepares Cargo and Loading Analysis 


These subroutines, in turn, use one or more of the following minor 


subroutines: 
CLASS V Computes ammunition requirements 
RATIONS Computes ration requirements 
WATER Computes water requirements 
PETROL Computes petroleum, oil and 

lubricant requirements 

EQUIP Computes equipment requirements 
WUCM Prints Unit Cargo Manifest 
WCANDLA Prints Cargo Loading and Analysis 


Form 
The two additional programs provided by the system are MOUNIOUT, which 
will print out a Table of Equipment for an infantry regiment and TABLE, 
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which will print-out the complete USMC Table of Allowances. Each 
program can write a report on the BCD output tape. (The tape assign- 
ments are as shown in Appendix A.) 

The EMBARK system was programmed in Fortran II language and was 
designed to operate in conjunction with the Control Data Corporation 
(CDC) 1604 computer operating system called "Fortran '60 Monitor" [3]. 
EMBARK was programmed for a CDC 1604 computer having four tape units 
and off-line, card-to-tape, tape-to-printer facilities. The system 
requires the use of approximately 27,000 of the available 32,768 cells 
of memory. Emphasis was placed on achieving system flexibility, making 
the input preparation as simple as possible, and producing outputs 
that could be used directly as unit loading forms. 

All of the equipment, supplies, units and ship types described 
in the input are specified by their standard Marine Corps nomenclature <-- 
equipment and supplies by T/A number, units by T/O number, ship type 
by standard ship designators, etc. 

A description is provided of the programs of the EMBARK system 
in terms of their input requirements, output reports, and computational 
procedures. The four main subroutines - UCM, UPT, VSP and CANDLA - 
are also described in detail, flow diagrams being included for them as 
well as for the programs. Since the remaining six subroutines -- 

CLASS V, RATIONS, WATER, PETROL, EQUIP, WUCM and WCANDLA merely ree 
arrange information or print data, their flow diagrams or descriptions 
are not included. However, Fortran language listings of all these 
minor subroutines are given in Appendix B. Figure 3 shows the intere 


relationships between EMBARKD and the various subroutines. 
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The information needed to run problems on the computer is given 
in Appendix A, which includes a description of the additional control 
cards, tape assignments, and machine operating instructions. 

All the tables of data, basic and computed, are stored in COMMON 
storage to permit greater utilization of the 1604 memory and to avoid 


lengthy CALL statements. 
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SCHEMATIC OF INTERRELATIONSHIP 
BETWEEN THE SUBROUTINES OF EMBARKD 
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UPT shown above them. 


2. Subroutines always called are 
indicated by solid line 


3. Subroutines which may be called if 
required are indicated by dotted 
line ee 


Figure 3 
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SECTION IV 
PROGRAM EMBARKD 
Purpose 
Program EMBARKD calculates and prints the loading forms required 
for an amphibious operation loading plan. The program acts as a 
driver for the eleven subroutines: UCM, VSP, UPT, CANDLA, CLASS V, 
RATIONS, WATER, PETROL, EQUIP, WUCM and WCANDLA.. The subroutines 
calculate the necessary information and actually print out the loading 
forms. Figure 3 shows the order in which the various subroutines 


are called. 


Input Data 


An input tape of the Table of Allowances and CLASS V information, 
this information is read into memory before calling the first sub- 
routine [13] . Input consists of the normal T/E decks, each preceded 
by the four ''Required"’ cards. See Appendix A for T/E deck input 
format. 

Restrictions 

Must be run under "Three-argument Monitor" control. See 
Appendix B, 

Methodology 

EMBARKD loads the Table of Allowances and CLASS V information into 
memory and then calls the subroutines which compute and print out the 
loading forms. Figure 4 shows the flow chart of EMBARKD and Figure 


4A,the Fortran '60 listing. 


18 


+> = ————-_, | — «es Ge» 
> = ® = - 
a = = 
a 
= —-> = 
—_ EE €& SP ©« @ <2 
oe == Fe —_ | <— 
> > — =P -« = — — 
=e e ® . | ae 
eo - _>- 
2 => ©& —_ a ————. - — — 
= & = ® eo . i- 





Out put 


Examples of the output of EMBARKD are shown with the subroutines 
that actually print the unit loading forms. 
Timin 

A formula for EMBARKD running time cannot be given; however, 
the following experience may be of interest, It takes approximately 
three minutes to compile the program and takes an additional two 
minutes to print out the loading forms for an artillery regiment. 
Running time depends on the number of T/E decks for units in the 


embarkation movement. 


1. SUBROUTINE UCM 
Purpose 

To compute and print out a Unit Cargo Manifest for an organi- 
zation of any size. The print-out is provided actually by the sub- 
routine WUCM. Also utilized are subroutines WATER, EQUIP and PETROL. 
The computed information is accumulated as input to subroutine UPT. 
Input Data 

Input is the normal T/E deck plus the four leading cards that 
must always be included. See Appendix A for input card format for 
the T/E deck. 
Output Data Tapes 

BCD output of UCM to be printed off-line, e.g., on an IBM 1403. 
This is the first output document printed out for any organization. 
Restrictions 

The T/E deck must not exceed 424 cards in total, however, T/E 
decks may be divided into segments of 420 cards with the four leading 


cards included in each segment. 
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Methodology 


UCM loads the entire T/E deck into memory accumulating the T/A 
number of the equipment being embarked, the quantity of that equipment 
and the Vehicle Registration Number. The subroutine then matches the 
incoming T/A number of the T/E card with that number in store and 
extracts the number of square feet, cubic feet and the weight of the 
equipment. The program tests to see if the item weighs over 10,000 
pounds. If it does, the subroutine computes an approximate height 
and stores this with the weight, number of cubic feet and number of 
square feet under Heavy Lifts. It also checks to see if an item has 
an area listed although it weighs less than 10,000 pounds. If so, 
the item is assigned to a Heavy Lift category. If the item is not a 
Heavy Lift, the subroutine then tests to see if the item weighs over 
100 pounds; if so it stores the number of cubic feet and weight under 
Mobile-Loaded Cargo. If over 100 pounds ender a Heavy Lift, the 
item is considered as Standard Cargo and the number of cubic feet and 
weight are stored as Standard Cargo. 

The subroutine then goes back and checks the next T/E item and 
repeats the cycle until all items have been handled. Then, the T/A 
numbers are broken down into groups by UP&IT line number classification 
and a Box Number is assigned to each item included in the UP&TT line 
number group. The subroutine reads the description from the infor- 
mation on the T/A card in memory, and totals all the Volume and Area 


information by UP&IT line number. 
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The subroutine WUCM then prints out this information, showing for 
each T/A number the UP&IT line number, Box Number, Description, number 
of Cubic Feet and Weight, as well as Square Feet and Height if item 
is a Heavy Lift. It prints totals for all UP&TT line numbers of the 
weight and number of cubic feet of those T/A numbers making up one 
UP&TT line category. 

Figure 5 shows the flow chart for subroutine UCM and Figure 5A, 


the Fortran '60 listing. 


Out put 


The output written by WUCM is the Unit Cargo Manifest, a sample 


of which is shown in Figure 5B. 


2. SUBROUTINE VSP 
Purpose 

To compute and printout the Vehicle Summary and Priority Table 
for an organization of any size. The computed information is also 
accumulated for input to subroutine UPT. 
Input Data 

Input is the normal T/E deck with the four leading cards that must 
always be included. See Appendix A for T/E deck card input format. 
Output Data Tapes 

BCD output of VSP to be printed off-line, e.g., on an IBM 1403. 


Restrictions 





The T/E deck must not exceed 424 cards in total, however, T/E 
decks may be divided into segments of 420 cards with the four leading 


cards included in each segment. 
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Methodolo 


VSP reads the I/A Number, length, width, quantity and vehicle 
registration number from the incoming T/E card. Then it matches up 
with that T/A Number in store and extracts the information as to the 
weight, volume (cubic feet) and area (square feet) required for the 
vehicle. Next, the subroutine calculates the height of the vehicle 
by dividing the volume by the area. The vehicles are assigned priority 
numbers based on the order in which the cards are read by the computer. 
The subroutine then extracts the carrying capacity of the vehicle from 
the information umer that T/A number in store, and assumes this to be 
the weight of cargo loaded in the vehicle. (Each vehicle is loaded to 
capacity.) Then the gross weight is calculated by adding to the net 
weight of the vehicle the weight of the cargo. 

Having read the unit and ship information from the leading card 
of the T/E deck, the subroutine now prints out the Vehicle Summary 
and Priority Table listing all the vehicles by priority for unloading, 
including dimensions and weight for each vehicle. 

Figure 6 shows the flow chart for VSP and Figure 6A,the Fortran '60 
listing, 

Input 
See Appendix A for card input format. 
Out put 
The output written by VSP is the Vehicle Summary and Priority 


Table, a sample page of which is shown in Figure 6B. 
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3. SUBROUTINE UPT 
Purpose 

To consolidate the information contained in the Unit Cargo 
Manifest and in the Vehicle Summary and Priority Table, plus a 
breakdown by the number and rank of personnel to be embarked. The 
subroutine prints out the UP&IT, subdividing the information into the 
personnel breakdown, classes of supplies indicating the total number 
of cubic feet and weight of each subclass, and the total number of 
square feet, cubic feet and weight of the total vehicles. The sub-= 
routine computes the total number of short tons and measurement tons 
of the cargo to be loaded. 
Input Data 

A T/E deck showing the T/0O breakdown of personnel for units 
embarked, Also, the information which has been stored in the computer 
by the UCM and VSP subroutines after processing the T/E decks for those 
units embarked. 
Output Data Tapes 

BCD output of the UP&TT to be printed off-line, e.g., on an IBM 
1403. 
Restrictions 

The T/E deck must not exceed 424 cards in total, however, the 
decks may be divided into segments of 420 cards with the four leading 


cards in each segment. 
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Methodology 


UPT reads from the leading cards coming in with the T/E deck the 
breakdown of personnel for each unit. Also it obtains, from sub- 
routines UCM and VSP, information on the number of cubic feet, weight 
and number of square feet of all the cargo as broken down into cate- 
gories of UP&TT line number. The subroutine then divides the total 
weight of all items by 2000 to determine the number of short tons of 
cargo and divides the total number of cubic feet of all items by 40 to 
determine the number of measurement tons of cargo. 

The subroutine prints out the Unit Personnel and Tonnage Table 
showing a breakdown of personnel, supplies and equipment, vehicles 
and grand totals of number of short tons, number of measurement tons, 
number of square feet, number of cubic feet and weight (in pounds) of 
all cargo to be loaded. 

Figure 7 shows the flow chart for UPT and Figure 7A,the Fortran '60 
listing. 

Input 
See Appendix A for the card input format. 
Output 
The output written by UP&IT is the Unit Personnel and Tonnage 


Table, a sample page of which is shown in Figure 7B. 


4, SUBROUTINE CANDLA 


Purpose 


To compute and print out The Cargo Loading and Analysis form for 


an organization of any size. The print out is actually provided by 
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the subroutine WCANDLA. 
Input Data 

Input is the normal T/E deck plus the four leading cards that 
must always be included. 
Output Data Tape 

BCD output of CANDLA to be printed off-line, e.g., on an IBM 1403. 
Restrictions 

The T/E deck must not exceed 424 cards in total, however, T/E 
decks may be divided into segments of 420 cards with the four leading 
cards included in each segment. 
Methodology 

CANDLA loads the entire T/E deck into memory as in subroutine 
UCM and proceeds to classify the incoming information by the same 
method as that used in subroutine UCM, In addition to the information 
produced by subroutine UCM, CANDLA also calculates the number of rounds 
of ammunition, gallons of liquid, number of rations and the number of 
heavy lifts required. It totals each page and accumulates grand totals 
of the cubic feet and weight of standard cargo, the number of heavy 
lifts, square feet, height, number of cubic feet and weight of unitized 
cargo and heavy lifts. CANDLA also totals the number of cubic feet 
and weight of mobile-loaded cargo. 

The subroutine WCANDLA then prints out this information showing 
for each T/A number the UP&TT line number, unit, description, number 
and type container, number of rounds of ammunition, gallons of liquid, 


cubic feet and weight of standard cargo, number of lifts and square 
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feet, height, cubic feet and weight of heavy lifts. It also shows 
for each T/A number the number of cubic feet and weight of mobile 
cargo. Page totals and grand totals of cargo are also provided. 
Figure 8 shows the flow chart for subroutine CANDLA and Figure 
8A,the Fortran '60 listing. 
Out put 
The output written by WCANDLA is the Cargo and Loading Analysis, 


a sample of which is shown in Figure 8B. 
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SECTION V 


PROGRAM MOUNTOUT 


Purpose 


To print out by T/A sequence number the Table of Equipment for 
an Infantry Regiment broken down by the amounts allowed for a Rifle 
Company (TE 1013), Headquarters and Service Company Infantry Battalion 
(TE 1037), Infantry Battalion (TE 1038), Headquarters Company Infantry 
Regiment (TE 1096) and Infantry Regiment (TE 1099). MOUNTOUT also 
indicates by duplicate T/A number following the first listing those 
items which are Garrison type and used in training or when permanent 
installations are to be set up. 
Input Data 

A T/A input tape with complete updated allowance information isa 
A deck of T/E cards for each company (TE 1013), The Headquarters and 
Service Company (TE 1037) and The Regiment (TE 1096). 
Output Data Tapes 

None 
Restrictions 

None 
Methodology 

MOUNTOUT processes the T/E cards for an Infantry Regiment and 
prints out a Table of Equipment by T/A number broken down by units 


making up the Regiment. The following phases are required: 


50 
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1, The program identifies the incoming information as that 
of a Rifle Company (TE 1013), Headquarters aad Service Company Infantry 
Battalion (TE 1037) or Headquarters and g¥rvice Company Infant ry 
Regiment (TE 1096). After making thig “determination, it identifies 
the item as either a Garrison type ftem or not. The T/A numbers of 
Non-Garrison items are stored in.a list and the quantity of that item 
shown on the card is stored under the unit's number; 1013, 1037 or 1096. 
If the item is a Garrison item the T/A number is stored in a separate 
Garrison List and the quantity of the item shown on the card is stored 
under Garrison by unit number. 

2. The program computes for each T/A number, the number of 
allowed items for the Infantry Battalion (1038) by taking the quantity 
stored under the Rifle Company (1013), multiplying it by four (four 
Rifle Companies in a Standard Infantry Battalion) and adding to it the 
1037 quantity under that particular T/A number. This is done separately 
for Garrison and Non-Garrison items and the results are stored separately. 
See Figure 9 for this relationship. 

3. The program computes the Infantry Regiment allowance (1099) 
in the same manner by multiplying three times the (1038) quantity and 
adding to it the (1096) quantity. 

4. The program prints out a Table of Equipment for the entire 
Standard Infantry Regiment. (The computational formulas must be 
changed for a Non-Standard Regiment.) 

Figure 10 shows the flow chart for program MOUNTOUT and Figure 10A, 


the Fortran '60 fasting, 


a0 





fae, 


“RRt 


Input 


See Appendix A for card input format. 
Output 
The output written by MOUNTOUT is a Table of Equipment for an 


Infantry Regiment. A sample of which is shown in Figure LOB. 


COLUMN INDICATES 
1 The item by T/A number 
2 The quantity required by the Rifle 


Company (1013) 
3 The quantity required by the Head- 
quarters and Service Company Infantry 


Battalion (1037) 


4 The quantity required by the Infantry 
Battalion (1038) 


5 The quantity required by the Head- 
quarters and Service Company Infantry 


Regiment (1096) 


6 The quantity required for the Standard 
Infantry Regiment (1099) 


Garrison items for the same T/A number item (if any) are listed in 
the same order, immediately following the first listing of the T/A 
number. 


Timing 


Running time for MOUNTOUT is approximately 2 minutes and 30 seconds. 


Error Messages 
If the T/E card is not 1013, 1037, or 1096, the word, ERROR is 


printed out in the T/A number column. 
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Data 





MOUNTOUT data was punched in cards from Tables of Equipment for 


components of an Infantry Regiment. 
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STANDARD INFANTRY REGIMENT 





MARINE 
INFANTRY 
REGIMENT 
1099 
HEADQUARTERS 
COMPANY 
1096 
INFANTRY 
INFANTRY 
BATTALION 
1038 
RIFLE HEADQUARTERS 
SERVICE COMPANY 
1037 
RIFLE 
Figure 9 
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SECTION VI 


PROGRAM TABLE 


Purpose 


To print out the USMC Table of Allowances. This table specifies 
Marine Corps furnished items of material authorized for issue to the 
Fleet Marine Force and provides a listing of items for which allowances 
are established in individual units or activities Table of Equipment. 
lt serves as a source of allowance information for CLASSES 1 - IV, 
and those CLASS II, Type 2 items which are authorized for Fleet Marine 
Force (FMF) and organized Marine Corps Reserve (OMCR) units on an 
"as required" basis. 

CLASS II Type 1 supplies consist of those items appearing in the 
Tables of Equipment (T/E's). The allowances eatablished in the T/E's 
constitute the maximum amount of an item authorized to be on hand. No 
basis of distribution is shown for these items in the T/A. The items 
coded "SP" are station property items not normally authorized for the 
FMF or OMCR, 

CLASS II Type 2 supplies consist of items authorized on an "as 
required" basis. These items do not lend themselves to establishment 
of firm allowances as requirements may vary due to assigned missions, 
operations, location of units and numerous other factors. Units will 
requisition and maintain on hand only those Type 2 items necessary to 


meet operational requirements. 
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Input Data 
A deck of T/A cards for all items listed in the USMC Table of 


Allowances. These cards will show that T/A number, Stock Number, 
Identification Number, Unit of Issue, Standardization and Procurement 
Status, Unit Standard Package (the quantity of an item contained in a 
standard package), Square (square feet of rolling stock, uncrated, and 
assembled with normal attachments), and Cube (the cubic feet of the 
packed or crated standard package, except for the vehicles). For 
vehicles, the Cube entry indicates Cube of the vehicle, uncrated 
and unassembled. The card also shows Weight (gross weight in pounds 
of the standard package), Replacement Factors (the estimated per- 
centage of the equipment in use that will require replacement during 
a given period), Fuel Type for all fuel burning equipment (gas, diesel 
or kerosene) and Rate of Consumption of fuel in gallons per hour. 
Fields are to be punched in cards as shown in Appendix A. 

There is also a representative sample of description cards which 
are keyed to the above cards by the T/A number. 
Restrictions 

All numbers with the exception of T/A number, Stock Number, 
Identification Number and Unit Standard Package must be punched with 
a decimal point as indicated in the program comment peaeencneoe (See 
example Figure 114.) 
Methodology 

"TABLE" reads the information from the incoming T/A cards; it 
classifies each T/A number and its associated information as to Class, 


Type and Technical Classification. The Technical Classifications are 
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Electronics, Engineer, General supply, Motor transport and Ordnance. 


The T/A numbers are grouped in the following serial number groups in 


memory: 

CLASSIFICATION CLASS If TYPE 1 CLASS II TYPE 2 CLASS IV 
Electronics 20000-29999 12000 82000 
Engineer 30000-39999 13000 83000 
General Supply 40000-49999 14000 84000 
Motor Transport 50000-59999 15000 85000 
Ordnance 60000-69999 16000 86000 


After the information is all read in and classified, the pro- 
gram prints out a complete Table of Allowance with appropriate 
headings and arranged by classes of supply. 

Figure 11 shows the flow chart for program TABLE and Figure 114A, 
the Fortran '60 Listing. 


Input 


See Appendix A for card input format. 
Out put 

The output produced by TABLE is the Table of Allowances, a 
sample of which is shown by Figure 11B. A complete Listing occupies 
75 pages. 
Timing 

Running time for TABLE is approximately five minutes and eight 
seconds. 
Data 


TABLE data was punched in cards from USMC Table of Allowances [13]. 
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SECTION VIft 


FUTURE DEVELOPMENTS 


The programs of the EMBARK system will assist greatly in 
that element of planning involving the preparation of the detailed 
embarkation and loading plans. Program TABLE will produce a 
current Table of Allowances as a ready reference for embarkation 
planners, and program MOUNTOUT may be used to produce the Table of 
Equipment for an Infantry Regiment, if required. The main program 
EMBARKD will produce the unit loading forms for distribution to 
Troop Commanders, and after being comsolidated, these forms will 
be incorporated as a part of the completed loading plan. 

Computers can assist in the solution of other planning problems 
in amphibious operations. Several studies have been made and are 
known to the authors. As one example, The Stanford Research Institute 
has developed a procedure for simulating amphibious deployment 
operations as a part of a study of problems involved in the world-wide 
deployment of the Marine Expeditionary Force in cold and Limited-war 
situations.[12]. The gimulation model developed is called MARADS, 
and has been designed to reduce the amount of effort required to 
analyze amphibious assault operations. The model will account for 
all the major events in the deployment process from the time a 
decision is made to move troops through movement to port or beach, 
embarkation, movement to the objective area, and projection of the 
forces ashore. Included in the MARADS model are programs for: 

1. The efficient organization, storage and retrieval of data 
regarding equipment, personnel, supplies, ona eaeious, ships and 


transfer vehicles. 
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2. The conversion of simple identifying organizations into 
detailed listings of personnel, equipment and supplies. 

3. The allocation of personnel, equipment and supplies to 
subforces to transfer vehicles. 

4. The simulation of the ship-to-shore operation, including 
the computation of the number of transfer vehicles needed by type. 

5. The computation of the number of ships by type, required 
to transport the forces and vehicles. 

6. The computation of key times throughout the entire deploy- 
ment and assault operations. 

The authors believe that computers can be used profitably in 
at least two other areas of planning. First, it is a fact that 
digital computers will be available on the larger ships of any 
amphibious task force in the future; there are presently a signifi- 
cant number of ships in the fleet with computer installations, and 
more are scheduled to be outfitted with them. 

The first problem to which we shall address ourselves is the 
possibility of a change in the conditions at the objective area, 
or even a change in the objective area itself subsequent to Loading, 
but prior to the initial landing. This would require a revision in 
the unloading plan, and here, the computer can make a significant 
contribution. With the information of the MARADS and EMBARK systems 
the computer could be interrogated as to the best unloading sequence 
available to support the new landing plan, md could test a great 
number of alternatives. If better alternatives were available they 
could be listed in order of preference, or if the change of conditions 


made the landing unfeasible, this also could be determined, 
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The next possibility for computer use would be to determine 
the best revised sequence for Landing units and equipment if the 
scheme of the manuever ashore changes the initial landing. In the 
immediate future the means will be available for the shore party to 
relay by electronic signals, (e.g., microwave transmissions) new data 
to the computer aboard the ship in the task force. The computer will 
take this new data and, after processing it, come up with alternative 
assignments of units and equipment to meet the changing situation 
ashore. Of course, to be able to do this, the computer must be con- 
tinually fed information as to which units have been unloaded and the 
status of each unloading vehicle. 

It will be possible, in the near future, for the Amphibious Task 
Force Commander and the Landing Force Commander to have some means of 
visual display of information received from the computer. This will 
enable the commanders to request the status of the unloading at any 
time, and to determine when a particular piece of equipment or unit 
can be expected on the beach. The computer can also be programmed 
to forecast the time the unloading will be completed considering 
the progress made up to the time it was interrogated. 

The ability to achieve this flexibility in the conduct of 
amphibious operations is of great value to the Landing Force Commander. 
Using computers, the alternative courses of action can be determined 
in a short time, to assist in making sound decisions that increase 


the possibilities of a successful landing. 
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SECTION VIII 


APPENDIX A 
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1. INPUIT PREPARATION 

Figure 12 illustrates the worksheet entries for the four 
leading cards required as input with every T/E deck. The detailed 
card formats for these leading cards, the T/E cards, and the T/A 
cards are outlined in the remainder of Appendix A. 

In the worksheet of Figure 12, card 1 contains the Organization 
Number, Name and Hull designation of the assigned embarkation ship, 
the date cards were received by the Embarkation Team Commander and 
the identifying letters T/E. The second card gives the classifi- 
cation of the documents (Top Secret, Secret, or Confidential) and the 
identifying letters T/E. The entries on the third card indicate the 
number of days of ammunition required, the number of hours of fuel 
required, the number of rations (meals) required, the T/A number of 
the rations, the number of gallons of water per man per day required 
and the identifying letters T/E. The fourth card contains a break- 
down of the personnel in the unit. It shows the unit number, number 
of generals, colonels, lieutenant colonels, majors, captains, 
lieutenants (first and second), warrant officers, master sergeants, 
staff non-commissioned officers, other enlisted men and the identifying 


letters T/E. 
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A variety of card formats are used for input to the EMBARK system, 


they are: 
Leading Cards -- (see worksheet 1, Figure 12) 
Card l 
CARD COLUMNS CONTENTS 
1-5 Organization 
6 - 10 Blank 
11 - 42 Ship Description 
43 = 50 Blank 
51 - 58 Date of Embarkation 
Sm= 72 Blank 
Toe T/E 
Card 2 
CARD COLUMNS CONTENTS 
1-5 Blank 
6 = 21 Classification 
22 = 72 Blank 
73 2 75 T/E 
Card 3 
CARD COLUMNS CONTENTS 
l- 5 Day of Ammunition 
6 - 10 Hours of Fuel 
11 Quantity of Rations 


(number of meals) 


12 - 16 T/A number of Rations 

Mie L Quantity of Water 
(gallons/man/day) 

22 le fe Blank 

73 - 75 T/E 
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Card 4 


CARD COLUMNS CONTENTS 
1-9 Blank 
10 - 14 Number of Generals 
15 - 19 Number of Colonels 
20 = 24 Number of Lt. Colonels 
25 2 29 Number of Majors 
30 = 34 Number of Captains 
35 = 39 Number of Lieutenants 
40 - 44 Number of Warrant Officers 
45 - 49 Number of Master Sergeants 
50 = 54 Number of other Staff NCO 
55 - 59 Other Enlisted 
60 - 72 Blank 
73 - 75 T/E 
T/E Cards 
CARD COLUMNS CONTENTS 
1-5 Organization 
6 <9 T/E Nomber 
10 = 14 T/A Number 
15 = 19 Quantity Allowed 
20 = 24 Blank 
25 Garrison Item 
eee )/ Vehicle Registration Number 


Note: 1. All numbers will be punched in fixed-point form, right 
justified. 
2. Garrison items are indicated by a'l'’punched in column 25. 


a 





T/A Cards First Card 


COLUMNS CONTENTS 
1-5 T/A Number 
6 - 18 Federal Stock Number 
19 = 23 Identification Number 
24 2° 25 Unit of Issue 
26 = 34 Standard Package 
3) =559 Square Feet 
40 - 49 Cubic Feet 
50 - 59 Weight 
60 - 64 Combat Allowance 
65 = 69 Combat Training Allowance 
70 = 75 Training Allowance 
76 Type of Fuel (G, D, or K) 
77 - 79 Fuel Consumption Rate/Hr. 
80 Control Number 


Second Card (For those items showing description) 


COLUMNS CONTENTS 

bee) T/A Number 

6-9 Identification Number 
10 - 72 Description 


Note: 1. Numbers for T/A stock number, identification number, unit 
of issue and standard package will be in fixed-point format, all other 
numbers will be floating-point format, to two decimal places. 

2. Control numbers will be 1 - 9 for program control; this 
control number indicates the number of description cards following 


this T/A card. 
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Class V Cards 


COLUMNS CONTENTS 

1 - 3 Line Number 

fame, 12 DOD Ammunition Code 
13 = 16 Basic Allowance 

17 = 20 Combat Assault Expenditure 

Rate 

21 = 24 Extended Operations 
25 = 28 Ashore Expenditure Rate 
29 - 31 Rounds, Primer, etc. 
32 = 34 Fuzes 

35 = 37 Extra Fuzges 

38 = 41 Quantity per Package 
42 = 45 Weight per Package 
46 - 49 Cube per Package 
50 = 52 Remarks 

53 = 55 Line Reference Number 
56 = 59 T/E Number 
60 Blank 

61 = 62 Tadividual Allowance 
63 = 75 Blank 

76 = 80 T/A Number 


Note: 1. Numbers for line number, DOD ammunition code, basic 
allowance, quantity, remarks,line reference number, T/E number, 
individual allowance and T/A number will be in fixed-point format. 
All other numbers will be floatingepoint form to a maximum of two 


decimal places. 
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1. GENERAL OPERATING INSTRUCTIONS 
CONTROL CARDS 
Each T/E deck must be followed by a card with''99999"punched in 
columns 5 through 9. After the last T/E deck and prior to the'"99999" 
card must be a card with'98765'"'punched in columns 5 through 9. 
TAPE ASSIGNMENTS 
The following are the required tape assignments: 
Tape #1 -+ Fortran '60 Monitor 
Tape #2 e+ BCD Input ("I'') 
Tape #3 -- T/A Binary Data Tape 
Tape #4 e- Scratch Tape (''S") 
Tape #5 e= BCD Output (''0!"') 
OPERATION OF 1604 
The "three-argument monitor'' control is used with the normal 
Fortran '60 Monitor. After loading the tapes as indicated above, 
type on the typewriter the following: "Monitor, 2, 5, 4." This 
option provides approximately 30,000 cells of memory for the program 
and data. Other combinations of tape assignments may be used, but 
the Fortran Monitor selects as scratch tape the lowest available 
unassigned tape unit. For this reason, it is important to remove the 
lockout ring from the Binary Data Tape to preclude overewriting of 
data. 
The general form of the console statement is: 


"Monitor, I, 0, S.’' (Punctuation imperative) 
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Modus Operandi: (After loading tapes) 


oe 


Push Auto-Load button 

Type ''Monitor, I, 0, S." 

Tape "I" is read and compilation performed. 

During compilation the Fortran statements of the program 
are copied on Tape "0", 

When compilation is complete, the object program is written 
in Binary on Tape '"'S", This tape then is rewound and the 
program is read back into memory beginning at address, 
4000 (octal). 

The program then reads in the Binary Data Tape, the lst 
T/E from tape "I", and writes out the UCM, VS&PT, UP&IT 
and C&LA for the T/E #1. 

If more than one T/E is used, steps 7 and 8 are repeated 
until T/E decks are exhausted. 

When the ''..END' card is sensed, the program stops and 


',.end" is typed on the typewriter. 


Listings are printed offeline on the IBM 1403. 


AVAILABILITY OF DATA TAPES AND PROGRAMS 


Data tapes, system program cards and data cards are available 


from the United States Naval Postgraduate School Computer Facility 


Library. 


2. MINOR SUBROUTINE LISTINGS ON FOLLOWING PAGES, 
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